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Flap opening and dimer-interface flexibility in the free and
inhibitor-bound HIV protease, and their implications for function
Rieko Ishima1, Darón I Freedberg2, Yun-Xing Wang1, John M Louis3
and Dennis A Torchia1*
Background: 1H and 15N transverse relaxation measurements on perdeuterated
proteins are ideally suited for detecting backbone conformational fluctuations
on the millisecond–microsecond timescale. The identification of conformational
exchange on this timescale by measuring the relaxation of both 1H and 15N
holds great promise for the elucidation of functionally relevant conformational
changes in proteins.
Results: We measured the transverse 1H and 15N relaxation rates of backbone
amides of HIV-1 protease in its free and inhibitor-bound forms. An analysis of
these rates, obtained as a function of the effective rotating frame field, provided
information about the timescale of structural fluctuations in several regions of
the protein. The flaps that cover the active site of the inhibitor-bound protein
undergo significant changes of backbone (φ,ψ) angles, on the 100 µs
timescale, in the free protein. In addition, the intermonomer β-sheet interface of
the bound form, which from protease structure studies appears to be rigid, was
found to fluctuate on the millisecond timescale.
Conclusions: We present a working model of the flap-opening mechanism in
free HIV-1 protease which involves a transition from a semi-open to an open
conformation that is facilitated by interaction of the Phe53 ring with the
substrate. We also identify a surprising fluctuation of the β-sheet intermonomer
interface that suggests a structural requirement for maturation of the protease.
Thus, slow conformational fluctuations identified by 1H and 15N transverse
relaxation measurements can be related to the biological functions of proteins.
Introduction
The aspartyl protease of human immunodeficiency virus-1
(HIV-1) is a homodimer responsible for processing the Gag
and Gag–Pol polyproteins to yield the mature structural
proteins and functional enzymes required in the viral life
cycle [1]. Hence, the development of drugs that disrupt
proteolytic processing by the protease is a prime goal in the
treatment of HIV-1 infection. Many potent inhibitors have
been synthesized and several are used in combination ther-
apies [2]. In spite of their potency, these drugs have limited
long-term use, because of the selection of drug-resistant
variants of the virus [3]. For this reason, there is still great
interest in understanding inhibitor–protease interactions at
the molecular level in order to design better drugs. 
Detailed analyses of the interactions between the protease
and various inhibitors have been made using the wealth of
information available from crystal structures [4–8]. The
crystal structures have also served as starting points for
molecular dynamics simulations which have elucidated
interactions with important roles in the catalytic mecha-
nism [9], domain–domain contacts [10], and flexibility of
the flaps [11–13]. The relationship between the dynamics
of the flaps and substrate binding has been studied experi-
mentally using spectrofluorometry [14,15], whereas the
role of protease and ligand dynamics in determining the
relative stabilities of various protease–ligand complexes
has been investigated using a structure-based analysis of
the thermodynamics of ligand binding [16].
15N nuclear magnetic resonance (NMR) relaxation mea-
surements have also been used to study the relationship
between protease dynamics and function. However, these
studies were limited to the protease bound to potent
inhibitors [17,18] because of rapid autoproteolysis (self-
degradation) of the wild-type free enzyme at the concen-
trations required for NMR studies. In the work reported
here, the problem was overcome by use of an autoproteo-
lysis-resistant mutant (Gln7→Lys, Leu33→Ile, and
Leu63→Ile) which has catalytic activity and structural sta-
bility similar to those of the native protease [19,20]. More-
over, previous work focused upon the use of the
model-free approach to study protease dynamics. This
approach provides direct access to information about order
parameters and internal correlation times of fast motions,
on the subnanosecond timescale, but only indirectly yields
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information about dynamics on the millisecond–micro-
second timescale. However, one expects cooperative con-
formational changes, involving numerous residues, to
occur on this slower timescale. The primary objective of
this study is to obtain information about cooperative chain
dynamics of the protease flap and terminal subdomains
(Figure 1) associated with ligand binding, by comparing
the millisecond–microsecond timescale dynamics of the
protease in free and bound states.
Conformational changes, on the millisecond–microsecond
timescale, contribute to transverse relaxation by a chemi-
cal (conformational) exchange mechanism. This relaxation
mechanism is directly identified by the observation of
field-dependent transverse spin relaxation rates R1p and
RCPMG, where R1p is measured using a spin-lock field and
RCPMG is measured using a Carr–Purcell–Meiboom–Gill
(CPMG) sequence. Measurements of R1p and RCPMG are
complimentary. Because the spins can be thought of as
relaxing in an effective field in each type of experiment
(see Materials and methods section), these measurements
together with off-resonance methods [21] significantly
increase the range of the effective fields available in 15N
relaxation studies of millisecond–microsecond timescale
motions in proteins [22]. However, the range of effective
fields is limited in 15N relaxation measurements by the
small gyromagnetic ratio of 15N, and by rapid 1H spin flips
in protonated proteins. 
Recently we developed a novel approach for investigating
slow motion in perdeuterated proteins, based upon mea-
surements of R1p and RCPMG for both 15N and 1H spins
[23]. It is advantageous to make these measurements
using a perdeuderated protein for two reasons. First,
perdeuteration greatly reduces 1H–1H dipolar interactions.
This makes 1H relaxation rates more sensitive to chemical
exchange and easier to interpret. In addition, both 1H and
15N CPMG experiments can be carried out in weak effec-
tive fields (because both 15N and 1H spin-flip rates are
small), enhancing the opportunity to detect motions on
the timescale greater than ~1 ms. Second, the combined
use of 15N and 1H relaxation rates provides information
about how conformational exchange affects the chemical
shifts of these spins (as described in the Materials and
methods section). This information may be related to the
types of conformations involved in the exchange reaction.
We report here the 15N and 1H transverse relaxation rates,
R1p and RCPMG, of the perdeuterated and 15N-labeled
autoproteolysis-resistant mutant of the protease, both free
and bound to the potent inhibitor DMP323. Information
about conformational exchange on the millisecond-
microsecond timescale in this protein was derived by ana-
lyzing both R1p and RCPMG measurements using a unified
approach. This enabled us to compare and contrast cooper-
ative slow motions of the free and inhibitor-bound protein.
Results and discussion
Conformational exchange from the difference in relaxation
rate, Rex_diff
1H and 15N transverse relaxation rates of backbone amides
of perdeuterated HIV-1 protease were measured at 20°C
in (i) the rotating frame, R1p, using spin-lock field
strengths of 2, 4 and 6 kHz for 1H and at 2 kHz for 15N,
and (ii) using a CPMG pulse sequence, RCPMG, with half
durations between pi pulses, τCPMG, of 1 ms and 3 ms for
both types of spins. To a good approximation, CPMG
experiments with τCPMG of 1 ms and 3 ms can be regarded
as measurements of transverse relaxation in effective spin-
lock fields of 92 and 275 Hz, respectively (see Materials
and methods section). We therefore adopt the notation
Rtr(ωi) to represent the transverse relaxation rate measured
by either type of experiment at effective field ωi. Although
Rtr(ωi) is sensitive to chemical exchange, it is also sensitive
to other relaxation mechanisms. In contrast, these other
relaxation mechanisms do not contribute to the difference
in transverse exchange rates, Rex_diff, given by:
Rex_diff = Rtr(ωi) – Rtr(ωj) = Rex(ωi) – Rex(ωj)        (1)
where Rex(ωi) is the relaxation rate due to chemical
exchange alone in an effective field ωi. In the case of
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Figure 1
Ribbon drawing depicting the backbone crystal structure of the
free HIV-1 protease. Segments of the structure that contain residues
that are flexible in solution on the millisecond–microsecond timescale
are color-coded. In the terminal domain residues 4–7 in the
autoproteolysis-sensitive loop are in red and residues 1–3 and 96–99,
which form the interfacial four-stranded β sheet, are in yellow. In the
flap domain residues 43–58, which cover the substrate-binding site,
are in purple. The drawing was generated using the program Insight II
(Molecular Simulations Inc., San Diego) and the heavy-atom
coordinates (PDB accession code 3PHV). 
two-site exchange, Equations (2) to (4) in the Materials
and methods section relate Rex(ωi) to the exchange life-
time τex, site populations p1 and p2, and site chemical-shift
difference δω. As seen in Figure 2 and discussed in detail
in the Materials and methods, observation of non-zero
values of Rex_diff at the fields used in our experiments
implies the presence of chemical exchange, with τex in the
millisecond–microsecond range. As seen in Figure 3,
residues in the free and bound protease for which Rex_diff,
that is Rex(92 Hz) – Rex(2 kHz), are significantly greater
than zero, are in the N and C termini and in the flaps of
the protease (Figure 1). 
Dynamics of the N-terminal loop
Residues 4–8 in each protease monomer are in an exposed
loop (Figure 1). It is evident from the 1H and 15N Rex_diff
values plotted in Figure 3 that residues 4–6 experience
chemical exchange on the millisecond–microsecond
timescale in both the free and bound form of the protease.
It is interesting that 1H Rex_diff and 15N Rex_diff are similar
for residues 4 and 5 in the free protease, which implies
that (δωH/δωN)2 is the order of unity for each of these
residues (Table 1). From the interpretation of Equation
(7) (see Materials and methods section), the similarity of
δωH and δωN suggests that fluctuations of backbone one
(φ,ψ) angles are a primary source of chemical exchange. In
addition, Rtr(92 Hz) equals Rtr(275 Hz), within experi-
mental error (see Supplementary material published with
this paper on the internet). This observation implies that
τex is less than ~0.1 ms, provided that the fast exchange
condition, (δωτex)2 << 1, is satisfied. 
In contrast to the free protease, the bound protease has
exceptionally large values of 1H Rex_diff for residues 4 and
6 (Figure 3b). Data for residue 5 is absent, because of
severe broadening of the amide signal [17,23,24]. The
results obtained here for residues 4 and 6, indicate that
residue 5 has a very large proton transverse relaxation rate.
Residues 4 and 6 have small values of 15N Rex_diff; com-
pared with their values of 1H Rex_diff; consequently the
ratio (δωH/δωN)2 is large for these residues (Table 1). This
observation suggests that in the bound protease, the posi-
tion of the aromatic ring of Trp6 changes relative to the
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Figure 2
Chemical exchange relaxation rates, Rex, plotted as a function of the
exchange lifetime, τex, calculated using Equations (2) and (3) with
p1 = 0.1 and δω/2pi = 200 Hz. The calculations assume spin-lock field
strengths of (A) 6 kHz, (B) 4 kHz, (C) 2 kHz, and CPMG delays τCPMG
of (D) 1 ms and (E) 3 ms. As shown in the Materials and methods
section, the CPMG delays correspond to effective spin-lock field
strengths of 275 Hz and 92 Hz in (D) and (E), respectively. Note that
τCPMG is defined as one half of the duration between CPMG pi pulses. 
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Figure 3
Comparison of (a) 15N and (b) 1H Rex_diff
values for the protease bound to DMP323
(s) with Rex_diff values observed for the free
protease (m). For both 15N and 1H,
Rex_diff = Rex(92 Hz) – Rex(2 kHz). Elevated
values of Rex_diff indicate flexible residues in
the flap and terminal domains. The values of
Rex_diff for the bound protease are similar to
those observed for the previously studied
protease construct [23] bound to DMP323
(see Materials and methods section).
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amides of residues 4–6 and modulates their proton chemi-
cal shifts. We also note that Rtr(92 Hz) > Rtr(275 Hz) for
residues 4 and 6 in the bound protease. This difference in
relaxation rate implies that τex is greater than ~0.5 ms.
This conclusion holds even outside the fast exchange
limit (see Materials and methods section). Difference in
loop flexibility of residues 4–6 between the bound and
free forms of the protease may relate to the susceptibility
of the protease to autoproteolysis at the Leu5–Trp6 site,
which has been suggested as a mechanism for the down-
regulation of protease function [25]. However, it should be
noted that the mutant enzyme, which is used in our
studies to restrict autoproteolysis in the inhibited form,
bears a mutation Gln7→Lys, which may alter loop dynam-
ics compared with the wild-type protease.
Dynamics of residues in the β sheet that forms the dimer
interface
In view of the fact that residues 4–6 are in an exposed
loop, their flexibility is not surprising. In the bound pro-
tease, however, chemical exchange is also evident for
residues in the highly ordered interfacial β sheet of the ter-
minal domain. Figure 3 shows that residues 95–98 in the
bound protease have values of either 1H or 15N Rex_diff that
are substantially larger than observed in the free protease.
Chemical exchange was reported previously for Asn98 in
the protease–DMP323 complex [17], but was not ascribed
to flexibility of Asn98. Rather, it was suggested that chem-
ical shifts of Asn98 were modulated by a motion of the
loop containing residues 4–6, because hydrogen exchange,
nuclear Overhauser effect spectroscopy (NOESY) and
structural data indicated that Asn98 NH was hydrogen
bonded in a well structured β sheet and was thought to be
rigid [6,17,24]. Our analysis here indicates that the ring-
current shift of Trp6 makes a major contribution to chemi-
cal exchange of residues in the N-terminal loop in the
complex. Hence, we would expect the terminal sheet
residues to have large values of (δωH/δωN)2 if motion of
the loop makes a significant contribution to their values of
Rex_diff. However, just the opposite is observed (Figure 3),
and (δωH/δωN)2 values for residues 96–98 are all less than
unity (Table 1). In addition, amides in the loop residues
4–7 (in both monomers) are all further than 5 Å from
amides of residues 96 and 98. Hence, it appears that
residues in the loop and in the β-sheet interface may be
close enough to respond in a cooperative manner to ligand
binding, but are sufficiently well separated so that residues
96 and 98 are not affected by the motion of the ring of
Trp6. We therefore conclude that the primary source of
the chemical exchange for these residues is motion of the
β-sheet interface. 
Because 1H and 15N Rtr(92 Hz) > Rtr(275 Hz) for residues
95–98, this observation implies that τex ≥ 0.5 ms. The
exceptionally large 15N Rex_diff values for residues 96 and
98 in the complex indicate that this conformational fluctu-
ation involves the two inner strands of the β sheet
(Figure 4). Motion of the β sheet is not inconsistent with
the ordered structures observed by X-ray crystallography
and NMR [6,24], as the fluctuation of the sheet may
involve a minor conformation in a population that is too
small to detect by structural methods. It is also surprising
that 15N Rex_diff values for residues 96 and 98 in the
complex are 3.5–4-fold larger than those of free protease.
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Table 1
Values of (δωH/δωN)2 for flexible residues in the terminal and flap domains of the free and DMP323-bound protease, and proposed
sources of chemical exchange*.
Residue number Bound protease Exchange sources† Free protease Exchange sources
Terminal domain
4 > 7 r(21)/b/h 4.4 ± 2.2 b/h
5 no‡ 1.3 ± 0.2 b/h
6 6.1 ± 2.8 r(19)/b/h x§
95 < 3 b/h < 3 b/h
96 < 3 b/h < 3 b/h
97 < 3 b/h < 3 b/h
98 < 3 b/h < 3 b/h
Flap domain
49 x 4.8 ± 1.3 r(10)/b/h
50 x 4.8 ± 1.9 b/h
51 x 1.4 ± 0.3 b/h
52 x 2.8 ± 1.0 b/h
53 x 17.0 ± 8.0 r(14)/b/h
54 x 0.5 ± 0.2 b/h
*Values and uncertainties are listed only when fractional errors in
(δωH/δωN)2 are < 0.5; otherwise either upper or lower limits are
provided. †If (δωH/δωN)2 > 3 and 1H Rex_diff ≥ 10, a ring current, r, is
included as one source of exchange, and the value of 1H Rex_diff is given
in parentheses. Otherwise the source of chemical exchange is
assigned to fluctuations of the protein backbone conformation and/or
hydrogen bonding, b/h. ‡Signal not observed, see text. §x indicates that
the fractional error in either 1H Rex_diff and/or 15N Rex_diff exceeded unity.
This suggests the unexpected conclusion that the inter-
facial β sheet may undergo a larger conformational fluctua-
tion in the protease–DMP323 complex than in the free
protein. The chemical exchange observed in the interfacial
β sheet cannot be ascribed to either monomer–dimer or
protein–inhibitor exchange, because the dissociation con-
stants for both reactions are less than 10 nM [26].
Exchange cannot be due to aggregation resulting from
intermolecular disulfide-bond formation as exchange was
also detected in the complex of the Cys67→Ala,
Cys95→Ala mutant with DMP323 [23]. Our observation
of chemical exchange in the interfacial β sheet may be
related to small changes in packing of the terminal domain
that accompany inhibitor binding [8]. Potent inhibitors
like DMP323 stabilize the protease dimer by hydrophobic
contacts and a network of hydrogen bonds formed with
residues at the inhibitor-binding site in each monomer
[16]. We suggest that these interactions not only stabilize
the dimer, but also permit looser packing and increased
flexibility of the terminal β-sheet interface. 
The Gag–Pol polyprotein comprises a protease (PR)
flanked by p6Pol and reverse transcriptase (RT) domains at
its N and C termini, respectively. The mature PR is liber-
ated from the precursor by a two-step mechanism [27,28].
The initial, faster, step involves cleavage at the p6Pol–PR
junction via an intramolecular mechanism, which is con-
comitant with a large increase in protease activity. The
flanking C-terminal RT sequences, which do not appear
to influence the catalytic activity of the PR precursor, are
subsequently cleaved through an intermolecular process.
The results presented here indicate that only the
inhibitor-bound form of the mature PR exhibits conforma-
tional flexibility of the C-terminal β sheet. Considered
from the point of view of PR maturation at its C terminus,
this result may mean that the substrate-bound form of the
dimeric PR–RT precursor is accessible to cleavage at the
PR–RT junction because of its flexibility. This interpreta-
tion is consistent with kinetic data showing that the
second-order rate constant for the conversion of PR–RT
precursor to the mature PR is ~40-fold smaller than for the
mature protease-catalyzed hydrolysis of a peptide sub-
strate spanning the same C-terminal cleavage site [26].
Conformational fluctuations of the protease flaps
A subject of continuing interest is the molecular dynamics
of the protease flaps [10–13], a pair of two-stranded
antiparallel β sheets (Figure 1). Residues 48–55, the tips
of the flaps in each monomer, close and cover the active
site when a substrate binds to the protein. The flaps open
to release product and to permit substrate access to the
active site. In the inhibitor-bound protease, the tips of the
flaps are rigid in solution except for residues 50 and 51
[17]. In contrast to the closed flap conformation seen in
inhibited protease crystal structures, the flaps assume a
variety of conformations in free protease crystal structures
[13,29–32]. The amino acid residues in the flaps are essen-
tial for the activity and specificity of the protease [33–35],
and flexibility of the flaps is thought to be important in
substrate binding and product release [36]. 
Figure 3 reveals that many residues in the tips of the flaps
of the free protease have significant values of Rex_diff. As
seen in Figure 3, residues Gly49, Gly51, Gly52 and Ile54
have significant values of 15N Rex_diff, whereas residues
Gly48, Gly49, Ile50, Gly51, Gly52, Phe53, Ile54 and
Lys55 have large values of 1H Rex_diff. These observations
indicate that the transverse spin relaxation of these
residues is due in part to conformational exchange. The
correlation time for conformational exchange was derived
from ratios of measured Rex_diff values, defined by Equa-
tion (5) as described in Materials and methods. It was
found that τex = 80 µs for residues 48–55 in the tips of the
flaps in the free protease. 
It is interesting that protons of all amides having large
values of 15N Rex_diff — Gly49, Gly51, Gly52 and Ile54
(Figure 5a) — are hydrogen-bond donors in the closed
form of the free protease [37]. In addition, (δωH/δωN)2
values are not large (of the order of unity) for all of these
residues, except for Gly49 (Table 1). These observations
suggest that changes in hydrogen-bonding geometry and
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Figure 4
Stick representation of the interfacial four-stranded β-sheet backbone
structure. Dotted red lines indicate hydrogen bonds and residues are
numbered at their amide positions. Note that the hydrogen-bond
network links strands in one monomer (residues 1–4 and 96–99) to
strands in the other monomer (residues 1′–4′ and 96′–99′). The largest
values of Rex_diff are observed for residues 96, 96′, 98 and 98′ (shown
in magenta), in both the bound and free protease, suggesting that the
β sheet bends about the horizontal dashed line. The drawing was
generated using the program Insight II (Molecular Simulations Inc., San
Diego) and the heavy-atom coordinates (PDB accession code 2DPM). 
in flap (ϕ,ψ) angles, on the ~100 µs timescale, are the main
sources of the 1H and 15N Rex_diff values observed for
these residues. In contrast to the residues just discussed,
Gly49 and Phe53 have 1H Rex_diff values of 9.8 and 13.9
(Figure 3b), resulting in relatively large (δωH/δωN)2 values
of 4.8 and 17, respectively (Table 1). The large 1H Rex_diff
values observed for Gly49 and Phe53 suggest that local
magnetic field fluctuations, such as would arise if their
positions change relative to the nearby aromatic ring of
Phe53, also contribute to their spin relaxation (Figure 5b).
Hence it appears that fluctuations in its (φ,ψ) angles and
in its local magnetic field contribute significantly to the
relaxation of Gly49.
To develop a working model of flap structural dynamics
from our relaxation data, we draw on information about flap
conformations obtained from X-ray data [13,29–32],
NOESY spectra (DIF, RI, Y-XW, JML and DAT, unpub-
lished results), and theoretical calculations [10–13]. In
crystal structures of the free HIV-1 protease, the flaps are
usually observed in ‘semi-open’, mostly hydrogen-bonded
β-hairpin structures. However, a closed flap structure has
also been observed [13]. Although crystal structures show
that the separation of the tips of the flaps is up to 7 Å
greater in semi-open conformations than in the closed con-
formation, structure calculations indicate that semi-open
flap conformations do not permit an inhibitor or substrate
access to the active site [13]. Although ‘open’ flap confor-
mations that provide inhibitor/substrate access to the active
site have not been observed in crystal structures of the free
protease, this may be the result of either their small popu-
lation in solution and/or of crystal-packing effects. In solu-
tion, NOESY spectra of the free protease indicate that
the flaps are best described as an ensemble of semi-open
conformations, possibly including small populations of the
open and closed forms, in dynamic equilibrium.
On the basis of the above discussion and the results of our
dynamics studies, we suggest a model of protease flap
dynamics in which the ‘semi-open’ conformations are the
predominant flap structures in solution. We have
observed reduced 15N R2 and NOE values for flap
residues (Gly49, Ile50, Gly51 and Gly52), which we inter-
pret as a rapid conformational exchange, on a timescale
<< 10 ns (the approximate overall correlation time of the
protease) among members of the ensemble of semi-open
conformations (DIF, RI, Y-XW, JML and DAT, unpub-
lished results). We further suggest that this ensemble of
semi-open conformations is in slow dynamic equilibrium,
on the ~100 µs timescale, with less ordered open flap con-
formations that permit access to the active site. The dis-
ruption of the hydrogen-bond network of the semi-open
flap conformation (Figure 5) predicted by this dynamic
model is supported by the significant values of 15N Rex_diff
observed for the hydrogen-bonding flap amides of Gly49,
Gly51, Gly52 and Ile54. 
The large (δωH/δωN)2 values observed for the amides of
Gly49 and Phe53, and the observation that their exchange
lifetime is approximately the same as for other residues in
the flap, suggest that fluctuation of the Phe53 ring is
coupled with the motion of the flap backbone. In crystal
structures of the free protease, the hydrophobic sidechains
of Phe53 and Met46 are exposed to solvent, and it has
been proposed that the hydrophobicity of these sidechains
and the polarizability of the methionine sidechain are
essential in the capture of substrates and inhibitors [35,38].
This idea, together with the information about flap
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Figure 5
Stick representation of the two-stranded
β-hairpin flap conformation observed in a
crystal structure of the free protease. Amides
numbered in (a) experience chemical
exchange due to fluctuations in backbone
conformations and hydrogen bonds; amides
numbered in (b) also experience chemical
exchange due to fluctuations in the ring
current field of Phe53, colored yellow.
Residues 43–58 (and 43′–58′) are shown.
Dotted red lines indicate hydrogen bonds
often observed at the tips of the flaps
(residues 48–55) in crystal structures of the
free protease. Residues are numbered at
their amide positions. The drawing was
generated using the program Insight II
(Molecular Simulations Inc., San Diego) and
the heavy-atom coordinates (PDB accession
code 3PHV).
dynamics presented here, suggests that an approaching
substrate or inhibitor could interact with the Phe53 ring
(Figure 5) and facilitate opening of the flap. This model is
consistent with the change of environment of the aromatic
ring of residue 53 observed in a stopped-flow fluorospec-
trometry study of a protease Phe53→Trp mutant [15].
Biological implications 
We report here an analysis of differences in transverse
1H and 15N relaxation rates (Rex_diff) of the backbone
amides of HIV-1 protease in its free and inhibitor-bound
forms. This study has provided direct evidence of
motions on the millisecond–microsecond timescale in the
protease terminal and flap domains. In the terminal
domains, residues 4–6 are flexible on the millisecond
timescale in both the free and bound protease samples. It
is interesting that flexibility on this timescale in the
β-sheet dimer interface is seen only in the bound pro-
tease. We suggest that, upon inhibitor binding, flap
closure induces limited flexibility of the four-stranded
β sheet, facilitating access for cleavage at the
protease–reverse transcriptase junction in the Gag–Pol
polyprotein. The average lifetime of the interconverting
conformations at the tips of the flaps is ~80 µs. Qualita-
tive analysis of (δωH/δωN)2 values indicates that the con-
formational fluctuations involve changes in (φ,ψ) angles,
hydrogen-bond breakage, and  movement of the ring of
Phe53 relative to the backbone amides of Gly49 and
Phe53. On the basis of these dynamics results and avail-
able structural information, we propose a scenario for
flap opening, involving a transition between semi-open
and open flap conformations. The novel parameter
obtained from our analysis, (δωH/δωN)2, appears to
provide useful qualitative insights into functionally
related protease conformations. Once a quantitative
understanding of the relationship between protein struc-
ture and amide chemical shifts is attained, it may be pos-
sible to use measurements of (δωH/δωN)2 to obtain more
quantitative structural information about functionally
important states involved in local fluctuations in proteins. 
Materials and methods
Materials
HIV-1 protease with the mutations Gln7→Lys, Leu33→Ile, and
Leu63→Ile was expressed in Escherichia coli. In addition, the protease
contained residues Ile3, Cys67 and Cys95, whereas the construct used in
previous work contained Val3, Ala67 and Ala95 [23]. The 15N-enriched,
perdeuterated protease was produced using minimal media containing
100% 2H2O and 15NH4Cl [39]. The protease was purified from inclusion
bodies as described previously [40,41], except that the protein was
folded by rapid dilution into buffer (20 mM phosphate and 2.5 mM dithio-
threitol [DTT], pH 6.0). NMR spectra were recorded on solutions (250 µl
in a Shigemi microcell) containing either ~0.4 mM of the free protease
dimer or ~0.3 mM of the protease dimer bound to DMP323 in H2O/2H2O
(94%/6%), 20 mM phosphate buffer (pH 5.9) and 2.5 mM DTT.
NMR experiments
NMR spectra of free and bound protease were acquired at 20°C on a
Bruker DMX-500 spectrometer. Rotating frame relaxation rates, R1p,
were measured at B1 field strengths of 2, 4 and 6 kHz for 1H and 2 kHz
for 15N, using six relaxation delays (6, 12, 18, 24, 30 and 36 ms) and
published pulse sequences [23]. Relaxation rates, RCPMG, were mea-
sured using CPMG pulse sequences [23] for 1H and for 15N using
delays of 12, 24, 36, 48, 60 and 72 ms, and τCPMG = 1 ms and 3 ms.
Data were acquired using 100 t1 and 512 t2 complex points, spectral
widths in F1 and F2 dimensions of 1111.4 Hz and 6009.6 Hz, respec-
tively, and a recycle delay of 3 s. One series of experiments (using six
relaxation delay times) required ~20 h to acquire. All data were
processed using NMRPipe [42] and relaxation rates were obtained by
fitting a two-parameter exponential function to peak heights measured
in the processed spectra. Off-resonance effects in 1H R1p and 15N R1p
measurements were corrected using measured 1H and 15N R1 values
[43]. Off-resonance effects were minimized in CPMG experiments by
setting hard pi/2 pulses as short as possible, that is, 7.5 µs and 43.0 µs
for 1H and 15N, respectively. Under these conditions, the errors in relax-
ation rates caused by the off-resonance effects in the CPMG experi-
ments were estimated to be less than 2% [44].
CPMG and spin-lock experiments are complimentary
The CPMG pulse sequence was first applied to study chemical exchange
by Luz and Meiboom [45]. They showed that for two-site exchange
Rex = (δω)2p1p2τex{1–(τex/τCPMG)tanh(τCPMG/τex)}             (2)
where, p1 and p2 are fractional populations of the sites (p1 + p2 = 1),
δω is the difference of the chemical shifts of the two sites, τex is the
exchange lifetime, and τCPMG is one half of the duration between
CPMG pi pulses. Equation (2) was derived assuming that the difference
in relaxation rates of the two sites, in the absence of exchange, is much
less than τex–1, that the J coupling can be neglected, and that the fast
exchange limit (δωτex)2 << 1, is valid. The second condition does not
rigorously apply in our case because some antiphase magnetization
develops, in the time between the CPMG pi pulses, as a consequence
of 1H–15N J coupling. Although in-phase and antiphase transverse
components in a heteronuclear two-spin system relax with slightly dif-
ferent rates [46], numerical simulations show that neglecting this differ-
ence introduces errors of less than 2% in our CPMG relaxation rates.
Such errors are less than the random errors in our measurements.
In the fast exchange limit, the relaxation rate of spin-locked magnetiza-
tion in the rotating frame, due to chemical exchange, is given by [43]. 
Rex = (δω)2p1p2τex/(1 + ω12τex2) (3)
where ω12 = (γB1)2 + ωoff2 (ωoff is the offset from the carrier frequency)
is the strength of the effective spin-lock field. Although Equations 2 and
3 appear to suggest that Rex has a very different τex dependence in the
two experiments, the converse is in fact the case [22,47]. When
(ω1τex)2 >> 1 and (τex/τCPMG)2 >> 1 (i.e. the field-dependent, right side
of the curves) Equations 2 and 3 have the same form.
Rex = (δω)2p1p2/(ω12τex) (4)
where ω1 = (√3/τCPMG) in CPMG experiments. These relationships
show that in the fast exchange limit, one can view a CPMG experiment
as a spin-lock in an effective field (in Hz) of √3/(2piτCPMG). Note also
that when (ω1τex)2 << 1, Rex = (δω)2p1p2τex for both types of experi-
ments. Therefore, like Mulder et al. [22] we find it useful to think of
both types of experiments as carried out in effective spin-lock fields
(275 and 92 Hz in the case of the CPMG experiments, with
τCPMG = 1 ms and 3 ms respectively, and 6, 4 and 2 kHz in the R1p
experiments) and use the same notation (e.g. Rex(ωi), where ωi is the
angular frequency of the effective field) for relaxation rates measured in
both types of experiments. We emphasize, however, that strong radio
frequency (rf) pulses are applied in the CPMG experiments, so effects
of chemical shift offset on relaxation are negligible. This is not the case
if R1p is measured in a weak spin-lock field. For this reason we have
used the CPMG approach to measure relaxation in weak effective
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fields and have used spin-lock fields greater than 2 kHz, where
ω1
2
≈ (γB1)2, to measure R1p.
Even though we observe only a single resonance for each amide site, it
is possible that the fast exchange condition is not satisfied. This may be
the case when p1 is less than ~0.15, because the signal intensity of site
1 is diminished both by its lower population and greater line width (Rex
for site 1 is ~p2/p1 times greater than Rex of site 2, in slow exchange)
than the signal of site 2. We have therefore also used the complex,
essentially exact expression for Rex that applies for all values of δωτex in
the CPMG experiment [43,48–50] to determine τex (see below).
Use of Rex_diff to detect the field dependence of relaxation
Although the above equations provide theoretical expressions for
Rex = Rex(ωi), our experiments measure the total transverse relaxation rate
Rtr(ωi), which contains contributions to transverse relaxation from mecha-
nisms in addition to chemical exchange. The model-free approach has
been commonly used to extract Rex from Rtr(ωi) [51]. This approach is
most useful when Rex and therefore Rtr(ωi) are independent of ω1, that is,
when the extreme narrowing limit applies ((ω1τex)2 << 1) at the highest
attainable effective field strength. This field-independent limit was
observed in the case of 15N relaxation of Gly51 in the protease–DMP323
complex [17]. Alternatively when (ω1τex)2 is not small, one is able to
observe the dependence of the relaxation rate on the strength of the
spin-lock (or effective spin-lock) field. This permits one not only to identify
an Rex process without the need of information about anisotropic motion
[52], but also provides an estimate of τex [43,47,53]. Here we detect the
field dependence of chemical exchange by determining Rex_diff, the differ-
ence in relaxation rates given by Equation (1). Residues for which
Rex_diff = Rtr(92 Hz) – Rtr(2 kHz) > 0 were assigned to sites that undergo
exchange on the millisecond–microsecond timescale. In the case of flap
residues 48–55, Rex was also observed to vary as a function of the spin-
lock field, and for these residues Rex_diff was fitted as a function of the
effective field as we now describe. 
The exchange lifetime of the tips of the flaps in the free protease
In order to determine τex for flap dynamics, we calculated the following
ratios of 1H Rex_diff derived from our relaxation data for residues 48–55.
Qex(ωi) = [Rex(ω1) – Rex(ωi)]/[ Rex(ω1) – Rex(6 kHz)] (5)
where ω1 = 92 Hz or 275 Hz and ωi = 2 kHz or 4 kHz. In the fast
exchange limit, Equations 2 and 3 show that these ratios are functions
of only one unknown, τex [47], and do not contain the factor p1p2(δω)2.
Theoretical values of Qex(ωi) were calculated using Equations 2 and 3,
and τex was determined by minimizing X2 given by,
X2 = Σ [(Qex(ωi)exp – Qex(ωi)cal)/σerror]2 (6)
In Equation (6), Σ indicates a sum over eight residues in the flaps
(48–55) and two values of ω1 (92 and 275 Hz) two values of ωi (2
and 4kHz), Qex(ωi)exp and Qex(ωi)cal, are the experimental and theoreti-
cal values of Qex(ωi), σerror is the error in Qex(ωi)exp. The minimum X2
(48) was found for τex = 80 µs with uncertainty of 5 µs (corresponding
to ∆X2 = 2) a result which is consistent with our assumption that
(δωτex)2 << 1. The minimum X2 was obtained with 31 degrees of
freedom, v, yielding an acceptable reduced minimum Xv2 of 1.5. Fits of
the values of Qex(ωi)exp were also made using the exact form of Rex [43]
(without the assumption of fast exchange) rather than Equation (2). 
A wide range of values of τex (0.005–10 ms) populations
(0.001 ≤ p1/p2 ≤ 1) and δω/2pi (50–1000 Hz) was used. In every case,
the best-fit value of τex was in the range 70–115 µs, with Xv2 < 1.6.
Also, in every case, Xv2 > 4 when τex exceeded 250 µs.
Qualitative information about structural dynamics from
(δωH/δωN)2
Because the same dynamic process is the source of chemical
exchange for each pair of bonded 1H/15N amide spins, it follows in the
fast exchange limit that [23].
1H Rex_diff/15N Rex_diff = (δωH/δωN)2 (7)
Although the relationship between amide chemical shifts and structure
is not understood in detail, values of (δωH/δωN)2 provide qualitative
information about the types of conformational fluctuations that are
involved in the dynamics of the protein. For example, if the conforma-
tional change involves movement of an aromatic ring, the associated
changes in amide chemical shifts caused by variations in the relative
positions of the amide and the ring are approximately proportional to
the magnetogyric ratios of the amide spins. Hence, (δωH/δωN)2 is
expected to be very large in this case. On the other hand, when the
change in chemical shifts is due to changes in (ϕ,ψ) angles or in hydro-
gen bonding, (δωH/δωN)2 is expected to be of the order of unity, on the
basis of empirical data relating chemical shifts with protein structure
[54,55]. Finally it should be noted, if fast exchange is not satisfied,
comparison of exact and approximate calculations of Rex show that
Equation (7) yields an underestimate of (δωH/δωN)2 if (δωH)2 > (δωN)2,
and an overestimate of (δωH/δωN)2 if (δωH)2 < (δωN)2. That is, if the fast
exchange condition is not satisfied, the value of (δωH/δωN)2 obtained
using Equation (7) will always be closer to unity than the true value.
Supplementary material
Supplementary material including 1H and 15N relaxation rates and their
differences, Rex_diff is available at http://current-biology.com/supmat/sup-
matin.htm.
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Table S1
Rex_diff values calculated as Rex(275 Hz)–Rex(2 kHz) and as Rex(92 Hz)–Rex(2 kHz), and (δωH/δωN)2 values calculated using
Rex(92 Hz)–Rex(2 kHz) for bound-protease.
Rex_diff Rex_diff (δωH/δωN)2
Rex(275 Hz)–Rex(2 kHz) Rex(92 Hz)–Rex(2 kHz) 1H Rex_diff/15NRex_diff
1H 15N 1H 15N
value error value error value error value error value* error*
(1/s) (1/s) (1/s) (1/s)
2 –0.68 0.6 0.14 0.57 –1.53 0.89 1.13 0.56 –1.35 –1.04
3 1.74 0.96 0.28 0.73 2.97 0.99 0.96 0.95 3.09 3.2
4 14.14 0.76 0.12 1.07 21.4 1.38 1.49 0.88 14.4 8.62
6 7.19 3.69 0.78 1.01 18.52 3.68 3.03 1.23 6.11 2.77
7 1.58 1.08 0.12 0.4 5.32 1.38 0.87 0.51 6.13 3.95
8 –0.63 0.45 –0.44 0.73 –0.89 1.34 0.42 0.83 –2.13 –5.3
10 0.35 0.63 –0.19 0.91 0.67 0.62 0.09 0.9 7.47 75.39
11 –1.46 0.62 –0.22 0.75 –1.12 0.74 0.44 0.74 –2.55 –4.6
12 –0.63 0.66 –0.07 0.79 –1.3 1.15 0.28 0.81 –4.72 –14.54
13 –0.26 0.64 –0.37 0.85 0 0.84 0.23 0.86 0 NaN
14 0.12 1.1 –0.95 1.01 –0.5 1.11 –0.23 1.05 2.15 10.78
15 –0.89 0.83 –0.8 0.6 –0.93 0.83 –0.75 0.86 1.24 1.78
16 1.25 1.08 0.35 0.49 1.87 1.18 0.3 0.72 6.31 15.81
17 0.95 0.99 0.53 0.63 –1.22 1 1.36 0.89 –0.89 –0.94
18 –0.35 0.56 0.14 0.67 –0.56 0.92 0.71 0.68 –0.79 –1.49
19 –1.03 0.52 0.2 0.7 –2.77 0.71 –0.42 0.72 6.61 11.49
20 –0.59 0.59 –0.36 0.79 –0.45 0.71 0.54 0.8 –0.84 –1.82
21 0.16 0.32 –0.03 0.54 –0.36 0.88 0.1 0.67 –3.53 –24.38
22 1.53 1.19 –0.54 0.45 0.22 1.4 0.09 0.51 2.42 20.57
23 –0.41 0.52 –0.32 0.76 –1.46 1.07 –0.13 0.81 11.38 72.08
24 –1.61 0.7 0.34 0.69 –1.57 0.9 0.65 0.63 –2.41 –2.73
25 –1.6 1.1 1.19 1.47 –1.39 1.22 0.3 1.21 –4.65 –19.11
27 –3.39 2.81 0.1 0.98 –4.43 3.05 0.73 0.93 –6.07 –8.79
28 –1.38 1.87 –0.64 0.75 –2.26 1.53 0 0.85 -Inf -Inf
29 1.96 1.4 0.5 0.71 1.18 1.32 1.27 0.63 0.93 1.13
30 1.7 1.95 0.5 1.21 0.83 2.51 1.85 1.27 0.45 1.39
31 2.32 2.55 0.88 0.66 3.64 1.99 0.6 0.68 6.1 7.71
32 0.87 0.61 –0.73 0.89 0.47 0.96 –0.1 0.97 –4.53 –43.65
33 –1.02 0.89 –0.2 0.87 –0.98 0.83 0.1 0.95 –9.37 –85.16
34 –0.35 0.68 –0.44 0.67 –0.08 0.74 –0.19 0.64 0.43 4.24
35 –0.79 0.55 –0.18 0.89 0.19 0.68 –0.17 1.03 –1.12 –8.07
36 0.45 0.52 0.11 0.71 0.15 0.56 0.78 0.75 0.19 0.74
37 –1.27 0.59 –0.56 0.79 –2.63 0.87 0.96 0.82 –2.73 –2.48
38 0.02 0.43 –0.39 0.43 –1.31 0.91 –0.19 0.52 6.94 19.88
40 –0.85 0.51 –1.41 0.65 –0.77 0.85 –1.28 0.76 0.6 0.75
41 –0.63 0.39 –0.15 0.32 –1.16 0.81 0.18 0.31 –6.46 –11.89
42 0.77 0.76 0.63 0.65 0.93 1.42 0.11 0.7 8.61 57.03
43 0.48 1.09 –0.09 0.95 –0.84 1.15 0.89 1.02 –0.94 –1.68
45 0.25 0.75 –0.62 0.76 0.03 0.86 –0.67 0.87 –0.05 –1.28
46 –0.53 0.39 –0.04 0.66 –0.87 1.04 0.22 0.71 –3.87 –13.1
47 0.24 0.76 0.17 0.67 0.2 1 0.53 0.75 0.38 1.97
48 0.3 0.53 0.01 0.51 0.61 0.78 0.19 0.52 3.25 9.9
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49 0.23 1.45 0 0.92 –0.5 1.59 –0.12 1.05 4.09 37.47
50 0.34 1.11 0.88 0.64 –1.5 0.95 2.23 1.15 -0.68 –0.55
51 –0.14 2.83 1.27 5.16 3.15 3.08 1.17 3.57 2.69 8.6
52 0.57 0.97 0.91 0.73 –0.63 0.82 0.86 0.54 –0.73 –1.05
53 0.21 0.65 0.61 0.61 –0.17 0.56 0.62 0.76 –0.28 –0.97
54 –0.49 0.54 –0.07 0.79 –1.14 1.24 0.59 0.87 –1.94 –3.57
55 –0.88 0.43 –0.71 0.5 –2.1 0.99 0.1 0.73 –21.17 –156.65
56 0.25 0.65 –0.19 0.66 –0.32 0.67 0.26 0.79 –1.22 –4.48
57 –2.77 0.93 0.44 0.44 –2.28 1.1 1.36 0.79 –1.67 –1.27
58 1.31 1.28 –0.28 0.49 2.59 1.57 0.23 0.71 11.43 36.45
59 –0.31 1.25 –0.02 1.01 1.58 1.11 0.35 0.9 4.51 11.95
60 –0.3 0.39 0.15 0.71 –1.44 0.52 0.74 0.35 –1.94 –1.15
61 0.65 0.49 –0.48 0.54 –0.35 0.73 0.16 0.49 –2.29 –8.67
62 –0.22 0.67 –0.1 0.62 –0.65 0.62 0.32 0.9 –2.01 -5.9
63 –1.34 0.66 –0.53 0.82 –1.59 0.91 –0.46 0.99 3.48 7.77
64 –1.13 1 0.1 0.72 –1.75 0.93 0.05 0.64 –34.37 –432.4
65 –1.26 0.94 –0.39 0.69 –1.84 1.1 0.02 0.56 –108.35 –3550.74
66 –0.04 0.95 –1.07 1.04 –0.08 1.06 –0.93 0.96 0.08 1.15
67 –1.02 0.75 –0.6 0.88 –0.57 1.05 0.51 0.79 –1.12 –2.71
68 1.09 0.77 1.47 0.94 0.45 1.07 1.67 0.62 0.27 0.65
70 –0.13 0.56 –0.34 0.65 –0.34 0.63 0.43 0.7 –0.81 –1.97
71 –0.17 0.79 0.27 0.57 –0.41 0.73 0.31 0.99 –1.29 –4.66
72 –0.38 0.51 0.07 0.59 –1.49 1.25 0.07 0.45 –20.11 –123.45
73 –0.3 0.98 0.81 1 –1.63 0.89 1.36 0.87 –1.2 –1.01
74 –1.03 1.05 0.18 0.73 –1.92 0.96 0.24 0.76 –8.12 –26.37
75 –0.84 0.6 –0.17 1.16 –1.74 1.74 0.49 0.96 –3.54 –7.76
76 1.5 0.75 0.34 1.17 0.12 1 0.5 0.91 0.23 2.03
77 0.92 0.99 –0.38 0.91 1.18 1.18 –0.02 1.15 –61.89 –3763.06
78 –0.94 0.64 –0.04 0.63 –2 0.93 –0.69 0.88 –1.14 –1.63
82 –1.49 1.32 –0.5 0.84 –2.57 1.86 0.11 0.92 –23.12 –191.71
83 –1.11 0.49 –0.24 0.46 –0.77 0.63 0.1 0.64 –7.75 –49.92
84 0 0.85 –0.59 1.04 0.43 1.72 0.64 1 0.67 2.87
85 –0.55 1.14 –0.31 1.02 –0.55 0.82 0.64 0.98 –0.87 –1.85
86 –0.08 0.83 0 1.08 –3.69 1.65 0.78 1.58 –4.72 –9.77
87 –1.41 1.11 4.02 0.89 –0.57 1.1 2.07 0.75 –0.28 –0.54
88 –1.42 0.88 –0.1 0.97 –2.28 0.82 1.3 1.07 –1.76 –1.58
89 0.7 0.92 0.68 0.75 0.9 1.7 1.32 0.95 0.68 1.38
91 1.26 1.17 1.1 1.11 2.19 1.76 2.96 0.71 0.74 0.62
92 0.2 1.45 –0.22 1.14 –0.33 1.36 1.51 0.81 –0.22 –0.91
93 –0.71 0.91 1.2 0.7 2.82 1.25 0.79 0.68 3.59 3.5
94 –2.42 2.23 0.38 0.91 –1.33 2.33 1.83 1.01 –0.73 –1.34
95 –0.17 2.94 0.74 0.77 4.54 2.61 4.1 1.41 1.11 0.74
96 1.45 1.15 1.11 1.01 –0.76 1.61 12.64 1.1 –0.06 –0.13
97 –0.95 0.9 2.07 0.91 –1.65 1.23 5.44 0.95 –0.3 –0.23
98 5 1.28 5.13 0.69 8.11 1.36 14.22 1.25 0.57 0.11
99 0.39 0.72 0.04 0.39 1.36 1.01 1.28 0.95 1.06 1.12
*Values and uncertainties are meaningful only when fractional errors in (δωH/δωN)2 are < 0.5.
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Table S2
Rex_diff values calculated as Rex(275 Hz)-Rex(2 kHz) and as Rex(92 Hz)-Rex(2 kHz), and (δωH/δωN)2 values calculated using
Rex(92 Hz)–Rex(2 kHz) for free protease
Rex_diff Rex_diff (δωH/δωN)2
Rex(275 Hz)–Rex(2 kHz) Rex(92 Hz)–Rex(2 kHz) 1H Rex_diff/15Nex_diff
1H 15N 1H 15N value* error*
2 –0.33 0.42 0.34 0.33 –1.33 0.52 0.74 0.3 –1.81 –1.02
3 2.34 0.76 0.44 0.42 1.88 0.59 0.26 0.79 7.16 21.69
4 5.26 1.45 –0.5 0.46 4.42 1.69 1.01 0.36 4.36 2.27
5 12.4 3.62 7.24 0.6 13.95 2.36 11.05 1.12 1.26 0.25
6 0.9 2.11 0.54 0.41 2.12 2.33 1.51 0.69 1.4 1.67
7 –1.53 0.68 –0.93 0.47 –1.59 1.07 0.24 0.96 –6.58 –26.6
10 0.8 0.7 0.1 0.33 –0.67 1.17 –0.31 0.39 2.19 4.72
11 0 0.59 0.61 0.54 1.46 0.71 1.12 0.5 1.3 0.87
12 –0.86 0.79 –0.55 0.32 –1.41 0.79 0.25 0.37 –5.61 –8.83
13 0 0.93 0.13 0.33 0.75 0.6 0.19 0.39 3.83 8.27
14 0.79 0.61 –0.14 0.31 1.49 0.81 0.28 0.5 5.32 9.83
15 0.06 0.87 –0.86 0.57 –1 0.78 -0.86 0.5 1.15 1.13
16 0.91 0.78 0.32 0.37 1.36 1.01 0.56 0.79 2.42 3.87
17 1.47 0.84 0.43 0.55 –0.14 0.89 1.32 0.49 –0.11 –0.68
18 0.43 0.99 –0.38 0.45 –0.06 1.42 0.15 0.27 –0.41 –9.76
19 -0.65 0.56 –0.05 0.23 –1.82 1.2 0.26 0.34 –6.97 –10.27
20 0.24 0.63 –0.23 0.73 –1.12 0.52 0.52 0.67 –2.15 –2.97
22 2.77 1.14 0.2 0.4 1.65 0.85 –0.38 0.4 –4.34 –5.08
23 0.53 0.6 –1.05 0.56 –0.94 0.74 0 0.67 –Inf –Inf
24 0.36 0.78 –0.87 0.44 –0.3 0.64 –1.45 0.56 0.21 0.45
25 2.11 1.55 0.5 0.73 2.47 1.57 0.1 0.76 25.44 199.22
26 1.92 2.62 –0.89 0.87 6.34 3.85 1.39 0.99 4.57 4.28
28 2.49 0.97 0.28 0.57 1.23 0.69 1.05 0.78 1.16 1.08
29 2.31 1 0.63 0.52 0.93 1.15 1.21 0.56 0.77 1.01
30 4.53 1.5 –0.47 0.82 0.23 1.9 0.03 0.95 9.24 360.35
32 1.82 0.89 0 0.74 0.91 1.02 –0.03 0.73 –32.54 –853.67
33 0.18 0.56 0.12 0.48 0.06 0.6 1.19 0.83 0.05 0.51
34 0.64 0.75 0.82 0.37 –0.17 0.8 0.29 0.47 –0.59 –2.94
35 2.15 0.94 0.46 0.29 1.95 0.89 0.31 0.63 6.2 12.84
36 0.9 0.66 –0.2 0.47 0.29 0.75 0.48 0.63 0.61 1.77
37 0.19 0.57 0.21 0.12 –0.55 0.35 1.03 0.59 –1.6 0.75
40 –0.22 0.63 0.22 0.28 –0.07 1.03 0.45 0.47 –0.15 –2.3
42 0.64 1.18 0.37 0.28 0.21 1.76 –0.2 0.5 –1.07 –9.4
43 –1.15 1.44 –0.25 0.53 –0.43 1.52 1.16 0.64 –0.37 –1.32
45 –0.27 0.29 –0.51 0.32 0.09 0.36 0.57 0.57 0.16 0.66
46 0.23 0.55 –0.49 0.36 1.07 0.7 0.13 0.56 8.3 36.15
47 1.52 0.86 1.02 0.44 –0.06 0.67 0.46 0.74 –0.12 –1.46
48 2.53 0.4 0.29 0.37 1.69 0.23 0.51 0.46 3.3 2.98
49 11.59 0.55 1.11 0.36 9.84 1.28 2.07 0.51 4.75 1.33
50 3.23 0.34 0.61 0.24 3.67 0.34 0.77 0.29 4.78 1.85
51 5.52 0.96 2.45 0.48 4.32 0.75 3.2 0.54 1.35 0.33
52 6.36 0.81 2 0.52 6.75 0.97 2.38 0.8 2.84 1.04
53 10.8 4.7 0.35 0.27 13.89 4.21 0.82 0.29 16.99 7.97
54 2.64 0.56 5.27 1.22 2.44 0.95 5.27 1.25 0.46 0.21
55 5.29 0.92 0.28 0.39 3.29 1.11 0.61 0.44 5.41 4.27
56 0.77 0.72 –0.07 0.73 –0.87 0.72 0.21 0.67 –4.13 –13.55
57 2.8 0.66 –0.19 0.76 0.31 0.85 –0.05 0.67 –6.5 –92.96
58 5.62 1.36 –0.29 0.65 4.9 1.97 0.55 0.49 8.95 8.85
59 0.24 0.91 0.36 0.34 1 1.03 0.8 0.82 1.24 1.8
60 0.27 0.9 –0.48 0.56 –1.03 0.93 0.22 0.55 –4.79 –13.02
61 0.15 0.94 –0.62 0.37 –1.52 0.62 –0.13 0.51 11.94 48.59
62 –0.29 0.63 –0.06 0.62 –0.58 0.43 –0.17 0.63 3.39 12.72
63 0.14 0.56 –0.61 0.26 0.23 0.74 –0.66 0.42 –0.34 –1.15
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64 –0.29 0.51 0.23 0.46 –0.81 1.07 –0.2 0.5 4.08 11.6
65 0.17 0.85 0.55 0.54 –1.73 1.48 0.46 0.47 –3.75 –4.97
66 1.08 0.56 –1.4 0.37 –0.05 1.88 –0.73 0.64 0.07 2.6
70 –0.23 0.54 –0.44 0.2 –1.33 0.54 0.43 0.5 –3.07 –3.78
71 0.76 0.76 0.17 0.44 0.49 0.55 0.23 0.89 2.14 8.773
73 0.06 0.5 –0.83 0.46 –0.75 0.87 0.07 0.8 –10.22 –112.63
74 –0.1 0.9 0.02 0.76 –2.61 1.6 0.2 0.87 –13.19 –58.72
76 1.87 0.66 –0.53 0.48 2.58 0.88 –0.28 0.36 –9.14 –12.01
77 1.44 0.59 –0.07 0.35 1.36 1.26 0.56 0.71 2.43 3.83
78 0.71 1 –0.27 0.37 0.38 1.51 –0.54 0.99 –0.72 -3.1
80 0.93 0.32 0.25 0.22 1.91 0.34 0.49 0.31 3.94 2.57
82 2.71 1 –0.15 0.41 1.51 1.59 1.25 0.37 1.21 1.32
84 1.84 1.08 0.73 0.44 1.91 1.32 0.63 0.9 3.02 4.78
85 –0.07 0.66 0.19 0.49 –1.09 0.64 –0.43 0.55 2.56 3.61
86 1.83 1.56 –0.12 0.62 –2.17 1.76 1.45 0.5 –1.49 –1.32
87 2.39 1.1 –0.9 0.45 –0.07 1.53 0.09 0.55 –0.74 –17.26
88 1.13 0.93 –0.31 0.67 –1.44 0.88 0.08 1.27 –17.96 –286.27
89 –0.57 1.63 –2.68 2.31 –0.76 1.75 2.92 0.81 –0.26 –0.61
90 –6.08 2.5 –0.62 1.4 0.6 2.3 1.03 1.31 0.58 2.35
91 –2.67 2.18 0.5 0.61 –3.37 1.93 1.7 0.86 –1.98 –1.51
92 –2.97 1.02 0.28 0.52 –1.33 1.35 1.07 0.38 –1.25 –1.35
93 –0.12 1.19 –0.18 0.74 –2.96 1.08 1.05 0.75 –2.83 –2.27
94 –0.37 1.14 1.33 0.71 0.28 0.67 1.72 0.94 0.16 0.4
95 1.12 1.16 –0.05 0.57 1.88 2.76 1.76 0.6 1.07 1.61
96 0.25 1.04 1.55 0.48 –1.34 1.39 3.21 0.91 –0.42 –0.45
97 0.27 1.25 0.41 0.52 –1.2 1.62 1.64 0.5 –0.73 –1.02
98 –1.27 0.77 1.57 0.55 –3.94 1.47 3.98 0.6 –0.99 –0.4
99 –0.06 1.02 0.29 0.25 –0.4 0.69 0.06 0.55 –6.18 –52.94
*Values and uncertainties are meaningful only when fractional errors in (δωH/δωN)2 are < 0.5.
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Table S3
1H transverse relaxation values of bound protease.
Spin lock Spin lock Spin lock CPMG(1ms) CPMG(3ms) Hahn
6 kHz 4 kHz 2 kHz 275 Hz 92 Hz echo
2 0.0569 0.0017 0.0577 0.0009 0.0532 0.0011 0.0552 0.0014 0.0579 0.0027 0.0591 0.0026  
3 0.0551 0.0017 0.0513 0.0016 0.0590 0.0030 0.0535 0.0012 0.0502 0.0012 0.0491 0.0014  
4 0.0519 0.0013 0.0543 0.0038 0.0515 0.0009 0.0298 0.0006 0.0245 0.0008 0.0266 0.0020  
6 0.0347 0.0021 0.0387 0.0019 0.0349 0.0019 0.0279 0.0026 0.0212 0.0015 0.0176 0.0017  
7 0.0515 0.0024 0.0462 0.0011 0.0489 0.0023 0.0454 0.0010 0.0388 0.0015 0.0368 0.0035  
8 0.0549 0.0008 0.0562 0.0015 0.0526 0.0011 0.0544 0.0006 0.0552 0.0039 0.0549 0.0023  
10 0.0626 0.0005 0.0662 0.0023 0.0635 0.0024 0.0621 0.0008 0.0609 0.0006 0.0683 0.0036  
11 0.0502 0.0018 0.0504 0.0019 0.0460 0.0008 0.0493 0.0012 0.0485 0.0015 0.0530 0.0033  
12 0.0569 0.0009 0.0590 0.0011 0.0567 0.0019 0.0588 0.0010 0.0612 0.0037 0.0637 0.0037  
13 0.0513 0.0012 0.0502 0.0007 0.0514 0.0013 0.0521 0.0011 0.0514 0.0018 0.0548 0.0037  
14 0.0430 0.0017 0.0429 0.0013 0.0418 0.0014 0.0416 0.0013 0.0427 0.0014 0.0462 0.0037  
15 0.0505 0.0007 0.0522 0.0009 0.0485 0.0014 0.0507 0.0015 0.0508 0.0015 0.0500 0.0018  
16 0.0507 0.0013 0.0488 0.0004 0.0514 0.0027 0.0483 0.0008 0.0469 0.0013 0.0481 0.0027  
17 0.0410 0.0007 0.0428 0.0012 0.0405 0.0013 0.0390 0.0009 0.0426 0.0011 0.0437 0.0034  
18 0.0480 0.0008 0.0495 0.0007 0.0474 0.0010 0.0482 0.0008 0.0487 0.0019 0.0491 0.0036  
19 0.0593 0.0010 0.0603 0.0008 0.0566 0.0011 0.0601 0.0014 0.0671 0.0028 0.0672 0.0043  
20 0.0532 0.0010 0.0534 0.0007 0.0511 0.0013 0.0527 0.0009 0.0523 0.0014 0.0493 0.0027  
21 0.0583 0.0005 0.0576 0.0013 0.0568 0.0005 0.0563 0.0009 0.0580 0.0029 0.0580 0.0031  
22 0.0494 0.0008 0.0496 0.0013 0.0525 0.0027 0.0486 0.0016 0.0519 0.0027 0.0514 0.0026  
23 0.0515 0.0010 0.0530 0.0013 0.0492 0.0007 0.0502 0.0011 0.0530 0.0029 0.0459 0.0018  
24 0.0510 0.0016 0.0509 0.0014 0.0502 0.0016 0.0546 0.0009 0.0545 0.0019 0.0551 0.0027  
25 0.0461 0.0018 0.0443 0.0016 0.0411 0.0014 0.0440 0.0014 0.0436 0.0017 0.0394 0.0024  
26 0.0252 0.0018 0.0250 0.0021 0.0232 0.0015 0.0244 0.0016 0.0257 0.0018 0.0231 0.0023  
27 0.0321 0.0018 0.0314 0.0017 0.0300 0.0023 0.0334 0.0013 0.0346 0.0020 0.0350 0.0032  
28 0.0405 0.0014 0.0407 0.0012 0.0371 0.0020 0.0391 0.0018 0.0405 0.0008 0.0376 0.0018  
29 0.0376 0.0010 0.0380 0.0015 0.0399 0.0019 0.0370 0.0010 0.0381 0.0008 0.0347 0.0016  
30 0.0278 0.0011 0.0277 0.0012 0.0272 0.0008 0.0260 0.0011 0.0266 0.0016 0.0262 0.0018  
31 0.0388 0.0017 0.0386 0.0011 0.0388 0.0027 0.0356 0.0023 0.0340 0.0010 0.0321 0.0021  
32 0.0482 0.0015 0.0491 0.0021 0.0491 0.0007 0.0471 0.0012 0.0480 0.0021 0.0480 0.0033  
33 0.0513 0.0012 0.0519 0.0020 0.0482 0.0017 0.0507 0.0013 0.0506 0.0010 0.0553 0.0027  
34 0.0506 0.0008 0.0516 0.0010 0.0499 0.0014 0.0508 0.0010 0.0501 0.0012 0.0512 0.0035  
35 0.0561 0.0007 0.0581 0.0016 0.0571 0.0014 0.0598 0.0012 0.0565 0.0017 0.0578 0.0043  
36 0.0549 0.0012 0.0557 0.0009 0.0586 0.0015 0.0571 0.0009 0.0581 0.0012 0.0570 0.0035  
37 0.0438 0.0004 0.0455 0.0006 0.0423 0.0009 0.0447 0.0006 0.0476 0.0016 0.0508 0.0032  
38 0.0732 0.0008 0.0700 0.0011 0.0677 0.0015 0.0676 0.0013 0.0743 0.0047 0.0698 0.0030  
40 0.0817 0.0016 0.0817 0.0017 0.0773 0.0014 0.0827 0.0031 0.0822 0.0055 0.0975 0.0110  
41 0.0724 0.0016 0.0755 0.0010 0.0716 0.0017 0.0750 0.0012 0.0781 0.0045 0.0835 0.0047  
42 0.0561 0.0011 0.0583 0.0010 0.0531 0.0019 0.0510 0.0009 0.0506 0.0032 0.0487 0.0028  
43 0.0378 0.0011 0.0384 0.0010 0.0387 0.0016 0.0380 0.0003 0.0400 0.0007 0.0388 0.0028  
45 0.0614 0.0020 0.0571 0.0014 0.0573 0.0020 0.0565 0.0014 0.0572 0.0020 0.0610 0.0028  
46 0.0620 0.0008 0.0632 0.0014 0.0634 0.0012 0.0656 0.0011 0.0671 0.0045 0.0687 0.0031  
47 0.0501 0.0009 0.0514 0.0008 0.0500 0.0011 0.0494 0.0015 0.0495 0.0022 0.0525 0.0032  
48 0.0629 0.0009 0.0627 0.0013 0.0639 0.0015 0.0627 0.0015 0.0615 0.0026 0.0703 0.0051  
49 0.0464 0.0007 0.0475 0.0018 0.0464 0.0029 0.0459 0.0011 0.0475 0.0019 0.0511 0.0036  
50 0.0353 0.0017 0.0334 0.0011 0.0346 0.0007 0.0342 0.0011 0.0365 0.0010 0.0327 0.0023  
51 0.0257 0.0012 0.0251 0.0021 0.0269 0.0015 0.0270 0.0014 0.0248 0.0014 0.0276 0.0024   
52 0.0462 0.0017 0.0454 0.0011 0.0466 0.0015 0.0454 0.0014 0.0480 0.0010 0.0489 0.0038  
53 0.0584 0.0006 0.0588 0.0017 0.0585 0.0016 0.0578 0.0015 0.0591 0.0011 0.0627 0.0037  
54 0.0522 0.0026 0.0483 0.0010 0.0491 0.0009 0.0503 0.0010 0.0520 0.0032 0.0499 0.0049  
55 0.0714 0.0018 0.0714 0.0012 0.0680 0.0009 0.0723 0.0020 0.0793 0.0061 0.0794 0.0033  
56 0.0521 0.0013 0.0553 0.0016 0.0527 0.0016 0.0520 0.0008 0.0536 0.0010 0.0529 0.0038  
57 0.0409 0.0010 0.0400 0.0015 0.0404 0.0013 0.0455 0.0010 0.0445 0.0015 0.0466 0.0032  
58 0.0413 0.0016 0.0408 0.0008 0.0391 0.0019 0.0372 0.0004 0.0355 0.0012 0.0367 0.0003  
59 0.0417 0.0015 0.0408 0.0011 0.0435 0.0016 0.0441 0.0018 0.0407 0.0012 0.0483 0.0020  
60 0.0519 0.0012 0.0518 0.0010 0.0513 0.0009 0.0521 0.0005 0.0554 0.0012 0.0509 0.0026  
61 0.0445 0.0012 0.0464 0.0016 0.0471 0.0005 0.0457 0.0009 0.0479 0.0016 0.0474 0.0030  
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62 0.0441 0.0009 0.0457 0.0012 0.0423 0.0008 0.0427 0.0009 0.0435 0.0008 0.0439 0.0018  
63 0.0538 0.0011 0.0543 0.0014 0.0526 0.0015 0.0566 0.0012 0.0574 0.0024 0.0572 0.0026  
64 0.0572 0.0030 0.0557 0.0014 0.0524 0.0015 0.0557 0.0026 0.0577 0.0025 0.0588 0.0026  
65 0.0438 0.0012 0.0444 0.0005 0.0441 0.0014 0.0467 0.0013 0.0480 0.0019 0.0539 0.0042  
66 0.0509 0.0007 0.0521 0.0012 0.0505 0.0022 0.0506 0.0010 0.0507 0.0016 0.0525 0.0030  
67 0.0505 0.0016 0.0464 0.0006 0.0473 0.0014 0.0497 0.0010 0.0486 0.0020 0.0519 0.0023  
68 0.0431 0.0012 0.0437 0.0010 0.0450 0.0011 0.0429 0.0010 0.0441 0.0018 0.0444 0.0033  
69 0.0442 0.0006 0.0443 0.0008 0.0438 0.0012 0.0442 0.0005 0.0444 0.0008 0.0454 0.0041  
70 0.0601 0.0023 0.0581 0.0020 0.0561 0.0011 0.0565 0.0014 0.0572 0.0017 0.0552 0.0027  
71 0.0610 0.0024 0.0623 0.0023 0.0600 0.0023 0.0606 0.0017 0.0615 0.0013 0.0611 0.0026  
72 0.0612 0.0007 0.0624 0.0010 0.0596 0.0011 0.0610 0.0015 0.0654 0.0052 0.0627 0.0042  
73 0.0501 0.0008 0.0519 0.0017 0.0481 0.0018 0.0488 0.0014 0.0522 0.0012 0.0473 0.0030  
74 0.0389 0.0011 0.0386 0.0005 0.0362 0.0011 0.0376 0.0009 0.0389 0.0007 0.0413 0.0024  
75 0.0472 0.0016 0.0463 0.0008 0.0465 0.0010 0.0484 0.0009 0.0506 0.0043 0.0461 0.0020  
76 0.0510 0.0016 0.0522 0.0020 0.0509 0.0009 0.0473 0.0015 0.0506 0.0024 0.0492 0.0029  
77 0.0460 0.0019 0.0456 0.0016 0.0464 0.0020 0.0445 0.0007 0.0440 0.0014 0.0480 0.0018  
78 0.0583 0.0009 0.0543 0.0013 0.0502 0.0012 0.0527 0.0012 0.0558 0.0025 0.0579 0.0038  
80 0.0585 0.0016 0.0552 0.0007 0.0532 0.0006 0.0550 0.0018 0.0555 0.0014 0.0581 0.0046  
82 0.0387 0.0005 0.0387 0.0015 0.0357 0.0013 0.0377 0.0012 0.0393 0.0024 0.0392 0.0036  
83 0.0521 0.0012 0.0517 0.0014 0.0498 0.0011 0.0527 0.0006 0.0518 0.0012 0.0577 0.0037  
84 0.0453 0.0008 0.0476 0.0014 0.0462 0.0010 0.0462 0.0015 0.0453 0.0034 0.0477 0.0016  
85 0.0461 0.0014 0.0454 0.0013 0.0460 0.0016 0.0472 0.0019 0.0472 0.0007 0.0450 0.0017  
86 0.0378 0.0012 0.0359 0.0004 0.0347 0.0006 0.0348 0.0008 0.0398 0.0025 0.0372 0.0016  
87 0.0468 0.0028 0.0426 0.0013 0.0392 0.0015 0.0415 0.0009 0.0401 0.0008 0.0424 0.0036  
88 0.0426 0.0007 0.0398 0.0013 0.0399 0.0012 0.0423 0.0008 0.0439 0.0006 0.0438 0.0036  
89 0.0322 0.0009 0.0322 0.0015 0.0320 0.0007 0.0313 0.0006 0.0311 0.0015 0.0304 0.0017  
91 0.0338 0.0028 0.0344 0.0009 0.0328 0.0010 0.0315 0.0007 0.0306 0.0014 0.0256 0.0029  
92 0.0400 0.0015 0.0400 0.0010 0.0389 0.0020 0.0386 0.0009 0.0394 0.0005 0.0432 0.0027  
93 0.0374 0.0008 0.0369 0.0013 0.0370 0.0009 0.0380 0.0009 0.0335 0.0012 0.0321 0.0019  
94 0.0372 0.0008 0.0393 0.0015 0.0368 0.0030 0.0404 0.0004 0.0387 0.0011 0.0349 0.0025  
95 0.0366 0.0023 0.0358 0.0019 0.0346 0.0026 0.0348 0.0024 0.0299 0.0013 0.0265 0.0030  
96 0.0415 0.0008 0.0432 0.0015 0.0437 0.0020 0.0411 0.0008 0.0452 0.0025 0.0370 0.0020  
97 0.0476 0.0014 0.0479 0.0012 0.0450 0.0011 0.0470 0.0016 0.0486 0.0026 0.0433 0.0027  
98 0.0411 0.0027 0.0433 0.0017 0.0445 0.0012 0.0364 0.0015 0.0327 0.0013 0.0280 0.0019  
99 0.0510 0.0010 0.0501 0.0009 0.0509 0.0016 0.0499 0.0009 0.0476 0.0018 0.0477 0.0025  
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Table S4
15N transverse relaxation values of bound protease. 
Spinlock CPMG (1ms) CPMG (3ms) Hahn
2 kHz 275 Hz 92 Hz echo
2 0.0900 0.0042 0.0889 0.0018 0.0817 0.0014 0.0871 0.0085  
3 0.0827 0.0045 0.0808 0.0020 0.0766 0.0040 0.0754 0.0035  
4 0.0785 0.0053 0.0778 0.0038 0.0703 0.0010 0.0711 0.0053  
6 0.0717 0.0048 0.0679 0.0018 0.0589 0.0028 0.0429 0.0023  
7 0.0768 0.0021 0.0761 0.0011 0.0720 0.0019 0.0733 0.0057  
8 0.0784 0.0043 0.0812 0.0014 0.0759 0.0026 0.0857 0.0122  
10 0.0749 0.0047 0.0760 0.0020 0.0744 0.0019 0.0822 0.0023  
11 0.0782 0.0043 0.0796 0.0017 0.0756 0.0013 0.0706 0.0012  
12 0.0818 0.0052 0.0823 0.0009 0.0800 0.0015 0.0918 0.0100  
13 0.0780 0.0049 0.0803 0.0017 0.0766 0.0017 0.0795 0.0040  
14 0.0739 0.0053 0.0795 0.0017 0.0752 0.0023 0.0791 0.0061  
15 0.0758 0.0031 0.0807 0.0017 0.0804 0.0043 0.0770 0.0017  
16 0.0789 0.0027 0.0768 0.0014 0.0771 0.0034 0.0780 0.0037  
17 0.0833 0.0043 0.0798 0.0007 0.0748 0.0036 0.0763 0.0071  
18 0.0800 0.0037 0.0791 0.0021 0.0757 0.0020 0.0800 0.0058  
19 0.0776 0.0042 0.0764 0.0006 0.0802 0.0011 0.0851 0.0114  
20 0.0788 0.0047 0.0811 0.0015 0.0756 0.0014 0.0770 0.0019  
21 0.0828 0.0034 0.0830 0.0014 0.0821 0.0030 0.0921 0.0090  
22 0.0745 0.0020 0.0776 0.0016 0.0740 0.0020 0.0767 0.0100  
23 0.0737 0.0040 0.0755 0.0011 0.0744 0.0018 0.0731 0.0084  
24 0.0740 0.0033 0.0722 0.0017 0.0706 0.0010 0.0732 0.0034  
25 0.0639 0.0043 0.0594 0.0036 0.0627 0.0023 0.0631 0.0040  
27 0.0710 0.0048 0.0705 0.0032 0.0675 0.0026 0.0582 0.0062  
28 0.0713 0.0037 0.0747 0.0010 0.0713 0.0022 0.0636 0.0022  
29 0.0812 0.0037 0.0780 0.0028 0.0736 0.0017 0.0614 0.0020  
30 0.0703 0.0036 0.0679 0.0008 0.0622 0.0017 0.0537 0.0032  
31 0.0828 0.0059 0.0772 0.0027 0.0789 0.0030 0.0671 0.0035  
32 0.0695 0.0033 0.0732 0.0011 0.0700 0.0021 0.0760 0.0056  
33 0.0694 0.0042 0.0704 0.0009 0.0689 0.0020 0.0746 0.0024  
34 0.0729 0.0041 0.0753 0.0014 0.0739 0.0009 0.0767 0.0026  
35 0.0732 0.0033 0.0742 0.0014 0.0741 0.0031 0.0801 0.0040  
36 0.0798 0.0046 0.0791 0.0005 0.0751 0.0014 0.0838 0.0017  
37 0.0847 0.0045 0.0889 0.0029 0.0783 0.0026 0.0773 0.0080  
38 0.1018 0.0050 0.1060 0.0016 0.1038 0.0036 0.1104 0.0187  
40 0.0916 0.0042 0.1052 0.0013 0.1038 0.0043 0.1282 0.0233  
41 0.0920 0.0054 0.0933 0.0011 0.0905 0.0007 0.1106 0.0168  
42 0.0865 0.0025 0.0820 0.0027 0.0857 0.0035 0.0921 0.0103  
43 0.0733 0.0038 0.0738 0.0018 0.0688 0.0023 0.0603 0.0012  
45 0.0795 0.0048 0.0836 0.0012 0.0840 0.0032 0.0834 0.0014  
46 0.0851 0.0047 0.0854 0.0019 0.0835 0.0026 0.1020 0.0156  
47 0.0769 0.0044 0.0759 0.0014 0.0739 0.0023 0.0838 0.0078  
48 0.0806 0.0037 0.0805 0.0012 0.0794 0.0013 0.0902 0.0043  
49 0.0753 0.0031 0.0753 0.0023 0.0760 0.0037 0.0741 0.0064  
50 0.0619 0.0047 0.0587 0.0008 0.0544 0.0029 0.0490 0.0021  
51 0.0326 0.0023 0.0313 0.0013 0.0314 0.0028 0.0254 0.0019  
52 0.0865 0.0053 0.0802 0.0021 0.0805 0.0029 0.0701 0.0012  
53 0.0852 0.0045 0.0810 0.0021 0.0809 0.0013 0.0864 0.0020  
54 0.0767 0.0049 0.0771 0.0015 0.0734 0.0022 0.0817 0.0100  
55 0.0843 0.0038 0.0897 0.0011 0.0836 0.0017 0.0962 0.0153  
56 0.0789 0.0044 0.0801 0.0024 0.0773 0.0030 0.0770 0.0011  
57 0.0764 0.0034 0.0739 0.0016 0.0692 0.0012 0.0762 0.0062  
58 0.0764 0.0034 0.0781 0.0015 0.0751 0.0023 0.0757 0.0076  
59 0.0639 0.0019 0.0640 0.0020 0.0625 0.0013 0.0675 0.0042  
60 0.0773 0.0025 0.0764 0.0017 0.0731 0.0008 0.0798 0.0014  
61 0.0723 0.0036 0.0749 0.0008 0.0715 0.0006 0.0755 0.0034 
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62 0.0687 0.0039 0.0692 0.0015 0.0672 0.0022 0.0680 0.0019  
63 0.0698 0.0027 0.0725 0.0009 0.0721 0.0030 0.0801 0.0054  
64 0.0766 0.0025 0.0760 0.0011 0.0763 0.0026 0.0856 0.0123  
65 0.0774 0.0039 0.0798 0.0024 0.0773 0.0022 0.0841 0.0060  
66 0.0730 0.0041 0.0792 0.0020 0.0783 0.0038 0.0823 0.006567 
0.0784 0.0035 0.0823 0.0023 0.0754 0.0024 0.0735 0.0050  
68 0.0886 0.0053 0.0784 0.0026 0.0772 0.0026 0.0731 0.0083  
70 0.0883 0.0050 0.0910 0.0023 0.0851 0.0020 0.0816 0.0044  
71 0.0866 0.0066 0.0846 0.0019 0.0843 0.0032 0.0880 0.0021  
72 0.0825 0.0026 0.0820 0.0016 0.0820 0.0016 0.0953 0.0187  
73 0.0758 0.0046 0.0714 0.0012 0.0687 0.0016 0.0686 0.0019  
74 0.0748 0.0038 0.0738 0.0015 0.0735 0.0018 0.0632 0.0026  
75 0.0679 0.0037 0.0687 0.0007 0.0657 0.0023 0.0731 0.0083  
76 0.0672 0.0056 0.0657 0.0019 0.0650 0.0015 0.0738 0.0081  
77 0.0729 0.0038 0.0750 0.0023 0.0730 0.0031 0.0728 0.0020  
78 0.0721 0.0053 0.0723 0.0007 0.0735 0.0015 0.0837 0.0092  
80 0.0753 0.0033 0.0736 0.0019 0.0716 0.0008 0.0789 0.0020  
82 0.0738 0.0049 0.0766 0.0022 0.0732 0.0025 0.0688 0.0042  
83 0.0776 0.0043 0.0791 0.0006 0.0770 0.0021 0.0794 0.0062  
84 0.0698 0.0032 0.0728 0.0032 0.0668 0.0027 0.0811 0.0120  
85 0.0690 0.0039 0.0705 0.0019 0.0661 0.0020 0.0703 0.0021  
86 0.0656 0.0041 0.0656 0.0015 0.0624 0.0023 0.0634 0.0058  
87 0.0693 0.0027 0.0542 0.0016 0.0606 0.0006 0.0684 0.0079  
88 0.0711 0.0041 0.0716 0.0020 0.0651 0.0025 0.0632 0.0032  
89 0.0723 0.0045 0.0689 0.0022 0.0660 0.0019 0.0556 0.0020  
91 0.0764 0.0044 0.0705 0.0033 0.0623 0.0016 0.0555 0.0056  
92 0.0763 0.0034 0.0776 0.0022 0.0684 0.0011 0.0633 0.0014  
93 0.0743 0.0045 0.0682 0.0014 0.0702 0.0019 0.0589 0.0026  
94 0.0757 0.0031 0.0736 0.0017 0.0665 0.0020 0.0582 0.0037  
95 0.0715 0.0052 0.0679 0.0028 0.0553 0.0040 0.0544 0.0056  
96 0.0724 0.0063 0.0670 0.0019 0.0378 0.0011 0.0335 0.0022  
97 0.0739 0.0035 0.0641 0.0017 0.0527 0.0009 0.0482 0.0048  
98 0.0772 0.0049 0.0553 0.0021 0.0368 0.0016 0.0313 0.0021  
99 0.0740 0.0024 0.0738 0.0021 0.0676 0.0017 0.0616 0.0012  
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Table S5
1H transverse relaxation values of free protease. 
Spin lock Spin lock Spin lock CPMG (1ms) CPMG (3ms) Hahn
6 kHz 4 kHz 2 kHz 275 Hz 92 Hz echo
2 0.0524 0.0010 0.0534 0.0015 0.0515 0.0008 0.0524 0.0008 0.0553 0.0013 0.0557 0.0011  
3 0.0463 0.0009 0.0467 0.0012 0.0462 0.0012 0.0417 0.0009 0.0425 0.0003 0.0444 0.0007  
4 0.0490 0.0006 0.0484 0.0009 0.0438 0.0018 0.0356 0.0014 0.0367 0.0019 0.0375 0.0008  
5 0.0327 0.0017 0.0321 0.0022 0.0295 0.0010 0.0216 0.0016 0.0209 0.0009 0.0203 0.0008  
6 0.0294 0.0012 0.0314 0.0013 0.0283 0.0014 0.0276 0.0009 0.0267 0.0011 0.0253 0.0009  
7 0.0411 0.0008 0.0416 0.0011 0.0384 0.0007 0.0408 0.0008 0.0409 0.0016 0.0421 0.0018  
10 0.0568 0.0015 0.0560 0.0010 0.0523 0.0017 0.0502 0.0008 0.0542 0.0029 0.0522 0.0016  
11 0.0437 0.0016 0.0423 0.0005 0.0409 0.0009 0.0409 0.0004 0.0386 0.0007 0.0421 0.0005  
12 0.0493 0.0007 0.0493 0.0010 0.0461 0.0008 0.0480 0.0016 0.0493 0.0017 0.0518 0.0008  
13 0.0440 0.0007 0.0437 0.0012 0.0424 0.0005 0.0424 0.0016 0.0411 0.0009 0.0442 0.0013  
14 0.0438 0.0009 0.0459 0.0019 0.0413 0.0006 0.0400 0.0008 0.0389 0.0011 0.0397 0.0012  
15 0.0440 0.0011 0.0448 0.0006 0.0416 0.0009 0.0415 0.0012 0.0434 0.0011 0.0407 0.0012  
16 0.0418 0.0009 0.0438 0.0009 0.0414 0.0011 0.0399 0.0007 0.0392 0.0012 0.0393 0.0005  
17 0.0380 0.0008 0.0404 0.0008 0.0379 0.0010 0.0359 0.0006 0.0381 0.0008 0.0405 0.0013  
18 0.0432 0.0010 0.0469 0.0011 0.0409 0.0013 0.0402 0.0010 0.0410 0.0020 0.0411 0.0009  
19 0.0621 0.0015 0.0632 0.0006 0.0558 0.0005 0.0579 0.0018 0.0621 0.0046 0.0649 0.0006  
20 0.0446 0.0011 0.0443 0.0010 0.0413 0.0007 0.0409 0.0008 0.0433 0.0006 0.0419 0.0007  
22 0.0435 0.0012 0.0438 0.0012 0.0441 0.0015 0.0393 0.0013 0.0411 0.0006 0.0397 0.0005  
23 0.0450 0.0010 0.0445 0.0011 0.0418 0.0009 0.0409 0.0005 0.0435 0.0010 0.0398 0.0006  
24 0.0475 0.0008 0.0493 0.0014 0.0442 0.0009 0.0435 0.0012 0.0448 0.0009 0.0465 0.0003  
25 0.0375 0.0017 0.0399 0.0015 0.0364 0.0017 0.0338 0.0010 0.0334 0.0010 0.0354 0.0014  
26 0.0234 0.0006 0.0236 0.0014 0.0233 0.0012 0.0223 0.0007 0.0203 0.0013 0.0239 0.0009  
27 0.0315 0.0009 0.0311 0.0008 0.0283 0.0004 0.0270 0.0006 0.0270 0.0005 0.0285 0.0007  
28 0.0405 0.0006 0.0392 0.0021 0.0381 0.0005 0.0348 0.0011 0.0364 0.0008 0.0340 0.0003  
29 0.0384 0.0005 0.0373 0.0009 0.0349 0.0009 0.0323 0.0007 0.0338 0.0010 0.0319 0.0007  
30 0.0358 0.0013 0.0369 0.0014 0.0362 0.0011 0.0311 0.0012 0.0359 0.0022 0.0329 0.0017  
32 0.0416 0.0013 0.0461 0.0016 0.0399 0.0013 0.0372 0.0005 0.0385 0.0009 0.0375 0.0009  
33 0.0446 0.0011 0.0441 0.0015 0.0406 0.0007 0.0403 0.0006 0.0405 0.0007 0.0455 0.0007  
34 0.0452 0.0011 0.0450 0.0012 0.0419 0.0009 0.0408 0.0009 0.0422 0.0011 0.0409 0.0009  
35 0.0519 0.0007 0.0523 0.0015 0.0492 0.0015 0.0445 0.0014 0.0449 0.0013 0.0400 0.0018  
36 0.0489 0.0016 0.0474 0.0008 0.0416 0.0010 0.0401 0.0005 0.0411 0.0008 0.0405 0.0004  
37 0.0406 0.0008 0.0410 0.0008 0.0399 0.0004 0.0396 0.0008 0.0408 0.0004 0.0462 0.0032  
38 0.0675 0.0019 0.0635 0.0023 0.0555 0.0019 0.0507 0.0007 0.0494 0.0004 0.0508 0.0010  
40 0.0722 0.0016 0.0757 0.0014 0.0667 0.0014 0.0677 0.0025 0.0670 0.0044 0.0796 0.0047  
42 0.0525 0.0018 0.0486 0.0009 0.0438 0.0021 0.0426 0.0008 0.0434 0.0026 0.0414 0.0005  
43 0.0344 0.0014 0.0346 0.0005 0.0304 0.0011 0.0315 0.0008 0.0308 0.0009 0.0311 0.0014  
45 0.0520 0.0020 0.0513 0.0014 0.0465 0.0005 0.0471 0.0004 0.0463 0.0006 0.0456 0.0012  
46 0.0627 0.0013 0.0601 0.0018 0.0554 0.0007 0.0547 0.0015 0.0523 0.0018 0.0522 0.0012  
47 0.0459 0.0012 0.0446 0.0005 0.0418 0.0010 0.0393 0.0010 0.0419 0.0006 0.0359 0.0008  
48 0.0629 0.0013 0.0610 0.0010 0.0545 0.0006 0.0479 0.0008 0.0499 0.0003 0.0496 0.0017  
49 0.0701 0.0029 0.0610 0.0009 0.0446 0.0006 0.0294 0.0004 0.0310 0.0012 0.0327 0.0017  
50 0.0744 0.0012 0.0700 0.0014 0.0644 0.0011 0.0533 0.0006 0.0521 0.0006 0.0519 0.0008  
51 0.0527 0.0014 0.0495 0.0022 0.0411 0.0006 0.0335 0.0010 0.0349 0.0008 0.0370 0.0017  
52 0.0557 0.0024 0.0603 0.0013 0.0472 0.0015 0.0363 0.0006 0.0358 0.0009 0.0345 0.0008  
53 0.0512 0.0015 0.0441 0.0006 0.0260 0.0006 0.0203 0.0019 0.0191 0.0015 0.0217 0.0011  
54 0.0506 0.0020 0.0447 0.0015 0.0436 0.0006 0.0391 0.0007 0.0394 0.0014 0.0386 0.0014  
55 0.0506 0.0015 0.0475 0.0008 0.0344 0.0007 0.0291 0.0006 0.0309 0.0009 0.0295 0.0011  
56 0.0464 0.0011 0.0461 0.0016 0.0433 0.0004 0.0419 0.0012 0.0450 0.0014 0.0405 0.0008  
57 0.0392 0.0014 0.0370 0.0016 0.0360 0.0006 0.0327 0.0005 0.0356 0.0009 0.0313 0.0006  
58 0.0363 0.0005 0.0349 0.0010 0.0338 0.0012 0.0284 0.0007 0.0290 0.0014 0.0284 0.0008  
59 0.0381 0.0015 0.0366 0.0010 0.0353 0.0005 0.0350 0.0010 0.0341 0.0011 0.0387 0.0016  
60 0.0458 0.0010 0.0466 0.0010 0.0431 0.0014 0.0426 0.0009 0.0451 0.0011 0.0425 0.0006  
61 0.0406 0.0013 0.0391 0.0011 0.0370 0.0008 0.0368 0.0010 0.0392 0.0003 0.0388 0.0017  
62 0.0396 0.0008 0.0396 0.0014 0.0366 0.0005 0.0370 0.0007 0.0374 0.0003 0.0374 0.0007  
63 0.0501 0.0007 0.0516 0.0007 0.0473 0.0003 0.0470 0.0012 0.0468 0.0016 0.0470 0.0006  
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64 0.0502 0.0017 0.0480 0.0017 0.0449 0.0009 0.0455 0.0005 0.0466 0.0021 0.0473 0.0012  
65 0.0465 0.0012 0.0453 0.0016 0.0421 0.0012 0.0418 0.0009 0.0454 0.0027 0.0451 0.0010  
66 0.0454 0.0009 0.0449 0.0010 0.0430 0.0008 0.0411 0.0006 0.0431 0.0034 0.0427 0.0012  
68 0.0427 0.0014 0.0422 0.0006 0.0410 0.0008 0.0386 0.0005 0.0396 0.0017 0.0399 0.0010  
69 0.0417 0.0008 0.0422 0.0004 0.0400 0.0002 0.0389 0.0003 0.0401 0.0012 0.0411 0.0009  
70 0.0546 0.0017 0.0531 0.0008 0.0509 0.0011 0.0515 0.0009 0.0546 0.0010 0.0511 0.0009  
71 0.0522 0.0015 0.0514 0.0012 0.0481 0.0012 0.0464 0.0012 0.0470 0.0004 0.0491 0.0011  
73 0.0438 0.0009 0.0436 0.0007 0.0395 0.0006 0.0394 0.0005 0.0407 0.0013 0.0406 0.0010  
74 0.0336 0.0010 0.0349 0.0007 0.0319 0.0006 0.0320 0.0007 0.0348 0.0018 0.0359 0.0011  
76 0.0437 0.0010 0.0457 0.0012 0.0409 0.0006 0.0380 0.0008 0.0370 0.0011 0.0363 0.0018  
77 0.0395 0.0009 0.0398 0.0006 0.0393 0.0008 0.0372 0.0004 0.0373 0.0016 0.0379 0.0012  
78 0.0474 0.0016 0.0430 0.0010 0.0398 0.0015 0.0387 0.0005 0.0392 0.0018 0.0419 0.0019  
80 0.0637 0.0019 0.0635 0.0004 0.0531 0.0006 0.0506 0.0006 0.0482 0.0006 0.0492 0.0013  
82 0.0376 0.0014 0.0373 0.0008 0.0354 0.0011 0.0323 0.0005 0.0336 0.0015 0.0300 0.0009  
84 0.0424 0.0011 0.0405 0.0011 0.0404 0.0011 0.0376 0.0012 0.0375 0.0016 0.0361 0.0011  
85 0.0408 0.0010 0.0416 0.0010 0.0386 0.0007 0.0387 0.0007 0.0403 0.0007 0.0362 0.0003  
86 0.0301 0.0009 0.0297 0.0014 0.0294 0.0009 0.0279 0.0009 0.0314 0.0014 0.0271 0.0004  
87 0.0404 0.0005 0.0385 0.0012 0.0382 0.0012 0.0350 0.0009 0.0383 0.0019 0.0382 0.0014  
88 0.0370 0.0012 0.0375 0.0011 0.0345 0.0009 0.0332 0.0006 0.0363 0.0006 0.0362 0.0015  
89 0.0248 0.0003 0.0239 0.0006 0.0227 0.0006 0.0230 0.0006 0.0231 0.0007 0.0240 0.0014  
90 0.0316 0.0013 0.0330 0.0006 0.0292 0.0012 0.0355 0.0026 0.0287 0.0015 0.0308 0.0009  
91 0.0302 0.0005 0.0307 0.0012 0.0270 0.0008 0.0291 0.0016 0.0297 0.0014 0.0299 0.0009  
92 0.0358 0.0013 0.0362 0.0022 0.0317 0.0010 0.0350 0.0003 0.0331 0.0010 0.0380 0.0009  
93 0.0325 0.0004 0.0332 0.0013 0.0289 0.0006 0.0290 0.0008 0.0316 0.0008 0.0338 0.0015  
94 0.0341 0.0015 0.0337 0.0011 0.0329 0.0006 0.0333 0.0011 0.0326 0.0004 0.0325 0.0009  
95 0.0340 0.0015 0.0328 0.0010 0.0319 0.0011 0.0308 0.0004 0.0301 0.0023 0.0304 0.0006  
96 0.0378 0.0015 0.0391 0.0016 0.0348 0.0011 0.0345 0.0006 0.0365 0.0014 0.0366 0.0004  
97 0.0437 0.0009 0.0424 0.0009 0.0388 0.0011 0.0384 0.0015 0.0407 0.0024 0.0427 0.0007  
98 0.0341 0.0010 0.0340 0.0008 0.0313 0.0004 0.0326 0.0007 0.0357 0.0018 0.0330 0.0004  
99 0.0452 0.0014 0.0444 0.0009 0.0414 0.0009 0.0415 0.0015 0.0421 0.0008 0.0371 0.0010  
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Table S6
15N transverse relaxation values of bound protease. 
Spin lock CPMG (1ms) CPMG (3ms) Hahn
2 kHz 275 Hz 92 Hz echo
2 0.0776 0.0012 0.0756 0.0015 0.0734 0.0012 0.0753 0.0037  
3 0.0736 0.0021 0.0713 0.0008 0.0722 0.0036 0.0714 0.0013  
4 0.0665 0.0013 0.0688 0.0017 0.0623 0.0008 0.0662 0.0038  
5 0.0620 0.0022 0.0428 0.0003 0.0368 0.0013 0.0358 0.0009  
6 0.0649 0.0016 0.0627 0.0006 0.0591 0.0020 0.0537 0.0029  
7 0.0680 0.0014 0.0726 0.0019 0.0669 0.0041 0.0644 0.0016  
10 0.0645 0.0009 0.0641 0.0010 0.0658 0.0014 0.0689 0.0038  
11 0.0694 0.0014 0.0666 0.0020 0.0644 0.0017 0.0627 0.0013  
12 0.0697 0.0009 0.0725 0.0014 0.0685 0.0015 0.0723 0.0027  
13 0.0684 0.0008 0.0678 0.0013 0.0675 0.0016 0.0661 0.0017  
14 0.0660 0.0009 0.0666 0.0010 0.0648 0.0019 0.0654 0.0012  
15 0.0645 0.0018 0.0683 0.0017 0.0683 0.0012 0.0650 0.0008  
16 0.0694 0.0006 0.0679 0.0016 0.0668 0.0035 0.0699 0.0023  
17 0.0712 0.0017 0.0691 0.0021 0.0651 0.0015 0.0640 0.0025  
18 0.0696 0.0011 0.0715 0.0020 0.0689 0.0007 0.0689 0.0024  
19 0.0740 0.0012 0.0743 0.0003 0.0726 0.0014 0.0786 0.0061  
20 0.0692 0.0025 0.0703 0.0025 0.0668 0.0019 0.0713 0.0019  
22 0.0640 0.0008 0.0632 0.0014 0.0656 0.0015 0.0653 0.0021  
23 0.0633 0.0017 0.0678 0.0017 0.0633 0.0021 0.0641 0.0009  
24 0.0624 0.0011 0.0660 0.0015 0.0686 0.0023 0.0652 0.0020  
25 0.0558 0.0015 0.0543 0.0016 0.0555 0.0018 0.0544 0.0017  
26 0.0626 0.0033 0.0663 0.0010 0.0576 0.0017 0.0501 0.0014  
28 0.0628 0.0016 0.0617 0.0015 0.0589 0.0023 0.0555 0.0017  
29 0.0695 0.0018 0.0666 0.0016 0.0641 0.0017 0.0614 0.0014  
30 0.0628 0.0028 0.0647 0.0017 0.0627 0.0025 0.0599 0.0018  
32 0.0602 0.0022 0.0602 0.0015 0.0603 0.0015 0.0621 0.0033  
33 0.0637 0.0017 0.0632 0.0009 0.0592 0.0025 0.0644 0.0015  
34 0.0650 0.0011 0.0617 0.0010 0.0638 0.0016 0.0637 0.0023  
35 0.0597 0.0006 0.0581 0.0008 0.0586 0.0021 0.0578 0.0019  
36 0.0707 0.0020 0.0717 0.0013 0.0684 0.0023 0.0674 0.0009  
37 0.0759 0.0005 0.0747 0.0005 0.0704 0.0029 0.0678 0.0025  
38 0.0941 0.0013 0.0888 0.0048 0.0832 0.0034 0.0851 0.0010  
40 0.0940 0.0015 0.0921 0.0019 0.0902 0.0036 0.0980 0.0058  
42 0.0743 0.0011 0.0723 0.0010 0.0754 0.0026 0.0724 0.0042  
43 0.0630 0.0013 0.0640 0.0017 0.0587 0.0019 0.0556 0.0023  
45 0.0701 0.0010 0.0727 0.0013 0.0674 0.0024 0.0680 0.0012  
46 0.0740 0.0013 0.0768 0.0016 0.0733 0.0027 0.0730 0.0022  
47 0.0703 0.0016 0.0656 0.0013 0.0681 0.0031 0.0636 0.0014  
48 0.0754 0.0016 0.0738 0.0013 0.0726 0.0019 0.0739 0.0015  
49 0.0943 0.0024 0.0854 0.0017 0.0789 0.0027 0.0742 0.0039  
50 0.1048 0.0002 0.0985 0.0023 0.0970 0.0027 0.0947 0.0026  
51 0.0749 0.0020 0.0633 0.0013 0.0604 0.0015 0.0580 0.0029  
52 0.0794 0.0011 0.0685 0.0023 0.0668 0.0035 0.0585 0.0015  
53 0.0939 0.0021 0.0909 0.0010 0.0872 0.0013 0.0680 0.0017  
54 0.0536 0.0030 0.0418 0.0011 0.0418 0.0012 0.0379 0.0011  
55 0.0717 0.0014 0.0703 0.0014 0.0687 0.0016 0.0650 0.0030  
56 0.0657 0.0023 0.0660 0.0022 0.0648 0.0017 0.0619 0.0012  
57 0.0647 0.0026 0.0655 0.0019 0.0649 0.0011 0.0629 0.0030  
58 0.0660 0.0018 0.0673 0.0023 0.0637 0.0011 0.0639 0.0025  
59 0.0582 0.0009 0.0570 0.0007 0.0556 0.0024 0.0572 0.0014  
60 0.0651 0.0021 0.0672 0.0012 0.0642 0.0010 0.0658 0.0008  
61 0.0624 0.0011 0.0649 0.0010 0.0629 0.0017 0.0623 0.0013  
62 0.0587 0.0014 0.0589 0.0016 0.0593 0.0017 0.0569 0.0011  
63 0.0605 0.0007 0.0628 0.0007 0.0630 0.0015 0.0652 0.0012  
64 0.0668 0.0017 0.0658 0.0011 0.0677 0.0015 0.0684 0.0021  
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65 0.0686 0.0015 0.0661 0.0019 0.0665 0.0015 0.0676 0.0031  
66 0.0668 0.0011 0.0737 0.0015 0.0702 0.0029 0.0690 0.0039  
70 0.0756 0.0019 0.0782 0.0009 0.0732 0.0026 0.0745 0.0012  
71 0.0732 0.0012 0.0723 0.0012 0.0720 0.0042 0.0701 0.0031  
73 0.0642 0.0008 0.0678 0.0009 0.0639 0.0028 0.0642 0.0030  
74 0.0640 0.0020 0.0639 0.0008 0.0632 0.0019 0.0563 0.0012  
76 0.0591 0.0017 0.0610 0.0015 0.0601 0.0009 0.0597 0.0010  
77 0.0652 0.0009 0.0655 0.0012 0.0629 0.0027 0.0623 0.0020  
78 0.0629 0.0009 0.0640 0.0005 0.0651 0.0039 0.0612 0.0018  
80 0.0854 0.0014 0.0836 0.0008 0.0820 0.0016 0.0847 0.0023  
82 0.0717 0.0014 0.0725 0.0015 0.0658 0.0010 0.0654 0.0020  
83 0.0712 0.0015 0.0720 0.0010 0.0685 0.0019 0.0694 0.0035  
84 0.0600 0.0026 0.0575 0.0012 0.0578 0.0029 0.0568 0.0011  
85 0.0604 0.0009 0.0597 0.0012 0.0620 0.0016 0.0613 0.0017  
86 0.0573 0.0013 0.0577 0.0018 0.0529 0.0011 0.0510 0.0009  
87 0.0573 0.0010 0.0604 0.0015 0.0570 0.0017 0.0611 0.0028  
88 0.0613 0.0006 0.0625 0.0008 0.0610 0.0041 0.0565 0.0014  
89 0.0668 0.0024 0.0814 0.0146 0.0559 0.0013 0.0486 0.0006  
90 0.0609 0.0031 0.0633 0.0030 0.0573 0.0018 0.0558 0.0006  
91 0.0641 0.0044 0.0621 0.0019 0.0578 0.0026 0.0546 0.0024  
92 0.0665 0.0015 0.0653 0.0017 0.0621 0.0007 0.0567 0.0011  
93 0.0655 0.0015 0.0663 0.0013 0.0613 0.0012 0.0611 0.0020  
94 0.0684 0.0029 0.0627 0.0010 0.0612 0.0025 0.0619 0.0020  
95 0.0631 0.0031 0.0633 0.0017 0.0568 0.0015 0.0590 0.0052  
96 0.0652 0.0015 0.0592 0.0013 0.0539 0.0025 0.0520 0.0028  
97 0.0674 0.0013 0.0656 0.0012 0.0607 0.0009 0.0641 0.0036  
98 0.0688 0.0020 0.0621 0.0011 0.0540 0.0011 0.0527 0.0023  
99 0.0680 0.0022 0.0667 0.0011 0.0677 0.0025 0.0649 0.0005  
